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ACTIVITY-BASED BATTERY MONITOR WITH A UNIVERSAL 
CURRENT MEASURING APPARATUS 

FIELD OF THE INVENTION 

[0001] The present invention pertains generally to the field 
of battery condition monitoring and management and, more particularly, 
to a universal current measuring apparatus for use with a battery monitor. 

BACKGROUND OF THE INVENTION 

[0002] Current shunts (DC shunts) are widely used in 
many applications to measure the device or system current for metering 
and control applications. Generally, a conventional DC shunt is a four 
terminal device that is constructed using special metal elements having a 
known resistance, Rdc. The resistive elements are welded between two 
posts or terminals (power terminals) that are used to interconnect the 
shunt in line with the main system or device current. Two separate 
terminals are used to sense the current flow through the resistive 
elements. The current measurement is made by measuring the voltage 
across the sense terminals and dividing that by the shunt resistance, 
V 

namely, I DC =^-^. 

K DC 

[0003] In order to reduce the unwanted heating (l 2 R) loss, 
most DC shunts are fabricated using very low resistive elements. For 
example, standard 50mV shunts are offered with current ratings in excess 
of 1000A resulting in a shunt resistance of 50 micro-ohms. Due to the 
low resistive nature of DC shunts, they are normally calibrated to ensure 
accurate current measurement across the sense leads. 
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[0004] One of the selection criteria for the shunt resistive 
elements is the need to have a very low temperature coefficient to 
minimize resistance variations with temperature. The l 2 R loss causes the 
shunt temperature to rise, causing its resistance to change. A very low 
temperature coefficient material has minimal resistance variation with its 
temperature, thus requiring no adjustment for measured currents at any 
temperature. 

[0005] In many applications, installing a DC shunt is not a 
straightforward task. For example, in flooded Lead-Acid batteries, the 
intercell connectors are welded on the battery posts and cannot be easily 
removed. If current sensing needs to be added for monitoring purposes, 
an existing intercell connector needs to be removed first before welding 
the replacement DC shunt. This is a labor-intensive process, especially if 
it is to be performed in the field. In addition, if the battery has more than 
two posts (more than one intercell connector), replacing only one intercell 
connector with a shunt will cause the currents between the shunt and the 
remaining intercell connector to be unequal due to the large mismatch in 
resistance. Finally, since batteries have variable post designs and 
distances between posts, a large number of custom shunts need to be 
developed to fit the various battery designs. 

[0006] Thus, there is a need to overcome limitations of DC 
shunts. Further, there is a need for a universal current measuring 
apparatus that can measure the current of any conductive element link. 
Even further, there is a need for accurate current measurements for use 
with an activity-based battery monitor. 
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SUMMARY OF THE INVENTION 

[0007] In order to overcome the limitations of DC shunts 
described above in accordance with the invention, accurate current 
measurements can be made using an existing conductive element or link 
in the system or an intercell connector in a battery application. Since a 
conductive link or intercell connector is made of a highly conductive 
material (e.g., lead or copper), the current can be obtained by measuring 
the voltage drop across the conductive element and dividing it by the 
resistance of that element. Using a conductive element or intercell 
connector as the current sense device is advantageous as it allows for 
easy addition of current measurement capabilities with minimal labor and 
leads to wider adoption of intelligent systems. 

[0008] The limitations of DC shunts can be resolved by 
employing a universal current measuring apparatus that can sense the 
current passing through any conductive link of any size, shape, or 
material. The universal current measuring apparatus can include analog 
circuitry to scale and filter the measured signals, microprocessor controls 
for programming and user interface along with temperature sensing and 
programming capabilities. 

[0009] One exemplary embodiment of the invention relates 
to a battery monitoring apparatus that obtains a current measurement for 
a current in a conductive element. The battery monitoring apparatus 
includes conductive lines configured to couple to a conductive element 
through which electrical current flows, a filter coupled to the conductive 
lines and configured to filter noise from a signal derived from a voltage 
difference between the conductive lines, an analog-to-digital converter 
that converts the signal filtered by the filter and outputs a digital signal, 
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and a controller that receives the digital signal from the analog-to-digital 
converter. 

[0010] Another exemplary embodiment relates to a 
method for obtaining a current in an activity-based battery monitoring 
apparatus. The method includes filtering a signal from wires coupled to a 
conductive element where the signal results from a voltage drop across 
the conductive element, converting the signal from an analog form to a 
digital form, and correcting the digital form of the signal based on 
temperature at the conductive element and storing the digital form of the 

signal according to the formula: TCF = = l + TCx(T-T 0 ), where To is 

the reference temperature at which calibration is performed, R(To) is the 
resistance at a reference temperature, R(T) is the resistance at a desired 
temperature, and TC is the temperature coefficient of resistance of the 
conductive element. 

[001 1] Another exemplary embodiment relates to a battery 
monitoring apparatus including a voltage sense input port, a current sense 
input port, an output communications port through which data may be 
communicated, a non-volatile memory, and a programmable 
microcontroller. The voltage sense input port can be connected to leads 
extending to a battery such that a signal representing the voltage across 
the battery is provided to the voltage sense input port. The current sense 
input port can be connected to leads extending to a universal current 
measuring apparatus such that a signal representing the current through 
the battery is provided to the universal current measuring apparatus. The 
universal current measuring apparatus includes a filter to remove noise 
from received signals, an analog-to-digital converter to convert an analog 
current signal to a digital signal, and a controller programmed to monitor 
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the digital signal representative of the current to detect a change in 
battery state from one of the states of battery charging, discharging, and 
open circuit to another state, and to define a battery event between 
changes of state. The programmable microcontroller is connected to the 
voltage sense to receive signals therefrom and connected to the output 
communications port to at least transmit signals thereto. The 
microcontroller is connected to provide data to and from the non-volatile 
memory, the microcontroller, to monitor the battery voltage during each 
event, and to selectively transfer data from the non-volatile memory 
through the output communications port after a period of time in which 
events have occurred. 

[0012] Further objects, features and advantages of the 
invention will be apparent from the following detailed description when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] In the drawings: 

[0014] Fig. 1 is a block diagram of a universal current 
measuring apparatus that measures the current of any conductive element 
link in accordance with an exemplary embodiment. 

[0015] Fig. 2 is a flow diagram depicting operations 
performed in a single point calibration technique. 

[0016] Fig. 3 is a representation of a Palm software 
interface screen for interfacing with the apparatus of Fig. 1 . 



[0017] Fig. 4 is a block diagram of a battery monitoring 
apparatus in accordance with an exemplary embodiment. 
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[0018] Fig. 5 is a block diagram of the battery monitoring 
apparatus of Fig. 4. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

[0019] Fig. 1 illustrates a universal current measuring 
apparatus 10 that measures the current of any conductive element link. 
The apparatus 1 0 is connected to a conductive element 1 2 by two wires 
14 and 16. The two wires 14 and 16 are attached across the conductive 
element link using self-tapping screws 18 and 20. The screws 18 and 20 
can be, for example, a distance of 2 to 3 inches apart. 

[0020] The separation of the two wires 14 and 16 along 
the conductive element 12 results in a voltage drop which is proportional 
to the resistance in between the two sense leads. The distance between 
the sense leads can be adjusted to obtain an approximate target voltage 
drop (typically, a few millivolts) at a given current. For example, in a 
battery application, if an intercell connector is used to measure current, 
connecting the sense lead 2 inches apart across an intercell connector 
may yield a 50mV voltage drop at 1000A nominal current. Since the 
spacing may not be exact from one system to another in a multi- 
installation application, and since the conductive link may vary from one 
system to another, the measurement needs to be calibrated by the user. 
An example calibration technique is described below with reference to 
Fig. 2. 

[0021] The two wires 14 and 16 are coupled to a filter 22 
in the apparatus 10. The filter 22 filters out noise from the signal 
resulting from the voltage drop between wires 14 and 16. This signal is 
passed to a buffer gain amplifier and low pass filter 24. The buffer gain 
amplifier and low pass filter 24 filters the signal representing the current 
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readings. The analog current readings are processed by a two-channel 
A/D 26 which supplies digital data to a microprocessor controller 28. An 
on-board user interface 29, such as a serial RS-232 or an infrared IrDA, 
allows users to interface with the controller 28 so as to program the 
calibration values. 

[0022] Fig. 2 illustrates operations performed in a single 
point calibration technique. Fewer, additional, or different operations may 
be performed in alternative embodiments. To calibrate a conductive link 
or element, a software calibration tool can be used to program the 
universal current measuring apparatus and compute the required scaling 
factors. This is achieved via the on-board serial or infrared 
communication ports. 

[0023] In an initial operation 30, the calibration procedure 
starts by passing a known current through the system or the battery and, 
in an operation 32, proceeds by measuring the current using an external 
clamp on-meter as well as the universal current measuring apparatus that 
is already connected across the conductive link or intercell connector. If 
there is a difference between the two currents, the actual value is 
programmed into the measuring apparatus in an operation 34, and the 
internal firmware of the unit computes a current correction factor (CCF) to 
scale the measured current to match the actual current in an operation 
36. 

[0024] For additional accuracy, two or multi-point 
calibrations can be used to obtain a piece-wise linear curve for the voltage 
drop across the conductive element over its operating range. The 
calibration procedure is similar to the single point calibration where a 
number of measurements are obtained via the clamp-on meter and are 
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compared with the measurement by the current sense circuit. A linear 
curve fit is then computed to calculate the measured output current. 

[0025] Referring again to Fig. 1 , in order to correct for the 
resistance variation with temperature, a thermistor 39 is used to measure 
the temperature at the conductive element end, in between the two sense 
leads' connections. The temperature readout is fed back to the on board 
processor which then computes a temperature correction factor (TCF) for 
the resistance of the conductive element given by: 

TCF = ^Gi = l + TCx(T-T 0 ) 
R(Tj 

where To is the reference temperature at which calibration is performed 
(e.g. 77°F), R(To) is the resistance at the reference temperature, R(T) is 
the resistance at the desired temperature, and TC is the temperature 
coefficient of resistance of the conductive element. The current 
measured is then divided by TCF, which corrects for resistance variation, 
L _ 



namely, I actual - TCp . 

[0026] The temperature coefficient of resistance (TC) of 
the conductive element can be programmed upon installation or can be 
pre-programmed into the firmware where the temperature correction 
factors for all standard conductive metals are stored and selected during 
installation, depending on the material used for current sensing. 

[0027] The above calibration procedure can be automated 
via a dedicated software that communicates to the processor via an on- 
board serial link (RS-232), or IrDA link, or any other link. Fig. 3 illustrates 
an example of a Palm software interface screen that may be used to 
interface with an IrDA interface. 
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[0028] As shown in Fig. 3, the calibration procedure starts 
by first reading the current measured by the universal current measuring 
apparatus (Read Current Command). The user uses a clamp-on meter to 
measure the actual system current and enters it into the shunt calibration 
software (operation 30 in Fig. 2). The software program calculates the 
current correction factor (CCF) (operation 36 in Fig. 2), which can be 
programmed into the unit by tapping the Calibrate command button on 
the user interface. 

[0029] The current measurement apparatus can interface 
with various measuring systems digitally through its serial link and can 
pass current measurements back to a central controller. For example, the 
current measurement apparatus can be used as a smart current sensor as 
part of a battery monitoring system where it passes the current 
measurement back to the main monitoring controller for further analysis 
and logging. An example battery monitoring system is described in U.S. 
Patent No. 6,549,014 entitled "Battery Monitoring Method and 
Apparatus/' which is incorporated herein by reference in its entirety. 

[0030] Fig. 4 illustrates a battery monitoring apparatus 40 
connected to monitor the conditions in a battery 41 connected at its 
positive and negative terminals to conductors 42 and 43. The battery 
monitor 40 has a voltage sense input port 45 which is connected by 
conducting lines 46 and 47 to the conductors 42 and 43 on either side of 
the battery to allow the voltage across the battery to be monitored. A 
temperature sense input port 50 is connected by a conducting line 51 to 
receive a signal from the thermistor 39 which is connected to the battery 
41. 

[0031] A current sense input port 54 is connected by 
conducting lines 14 and 1 6 to the conductive element 12 (see also Fig. 1) 

-9- 
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which is connected to one of the battery conductors (e.g., the conductor 
43 as shown) to detect the level and direction of current flowing through 
the battery. The monitoring apparatus 40 has an output port 58 which 
may include a digital communications port 60 (e.g., an RS-232 port) and 
an infrared (IrDA) port 61 . The data output port 60 may be connected via 
a communications link 63 to a remote system such as a computer 64, 
e.g., a PC, for periodic communications to and from the battery 
monitoring apparatus 40. The IrDA port 61 allows communication to an 
IrDA device such as a handheld personal digital assistant, and other wired 
and wireless communication links may also be utilized as desired. 

[0032] Fig. 5 illustrates a block diagram of the battery 
monitoring apparatus 40, which may be enclosed in a separate case 
mounted adjacent to the battery. As illustrated in FIG. 5, the voltage 
across the battery provided on the conducting lines 46 and 47 to the 
input port 45 is supplied to a voltage sense and conditioning circuit 70 
which provides a conditioned output signal on a line 71 to an analog to 
digital (A/D) converter 72. The output of the A/D converter 72 is supplied 
on digital data lines 73 to a micro-controller 74, e.g., a digital signal 
processor (DSP) chip. 

[0033] The voltage on the lines 46 and 47 is also 
transmitted by conducting leads 76 to a power supply circuit 77 to supply 
the internal power needs of the battery monitoring apparatus 10. The 
power supply circuit 77 preferably provides linear or switched regulated 
power through an isolation transformer to an isolated power supply 78 
that provides the power required by the RS-232 port 60. The RS-232 
port 60 is isolated from the power supplied to the rest of the monitoring 
apparatus 40 to provide protection to users who may connect a computer 
directly to the apparatus 40 through the RS-232 port 60. 

-10- 
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[0034] The signal on the current sense lines 14 and 16 
and the temperature sense signal on the line 51 is provided through to the 
current sense apparatus 10. The user interface 29 (Fig. 1) of the current 
sense apparatus 10 communicates over lines 83 and 85 to the RS-232 
port 60 and the infrared port 61 . Although the current sense apparatus 
10 may be physically packaged with the other circuitry of Fig. 5, it is 
preferably located close to the conductive element 1 2 to reduce noise and 
interference. 

[0035] The current measuring apparatus 10 described 
above with reference to the Figures includes at least the following 
advantages. The apparatus has the ability to measure the current across 
any conductive element or link. The apparatus has the ability to 
automatically calibrate the measured current against a known current 
measurement using, for example, a clamp-on meter. Further, the 
apparatus has the ability to compensate for temperature variations by 
employing a thermistor. In addition, the apparatus has the ability to 
provide a simple and intelligent user interface for easy interfacing and 
programming. 

[0036] It is understood that the invention is not confined 
to the exemplary embodiments set forth herein as illustrative, but 
embraces all forms thereof as come within the scope of the following 
claims. 



